Freund's adjuvant (FA) injected intracutaneously into the rat is known to induce a systemic disease (Pearson, 1956; Pearson and Wood, 1959; Pearson, Waksman, and Sharp, 1961; Ryzewska and Ryzewski, 1965) . Its most common manifestation is polyarthritis, which can be accompanied by skin changes, genito-urinary lesions, diarrhoea, and eye involvement. These changes resolve slowly but the joint lesions may become chronic or recurrent. Repeated injections of FA are followed by fresh attacks of disease (Pearson and others, 1961; Ryzewska and Ryzewski, 1965; Flax and Waksman, 1963) .
On the basis of personal experience and data from the literature, Pearson and others (1961) analysed the similarities and differences between FA disease in the rat and human connective tissue disease and hypersensitivity syndromes. They concluded that the experimental disease in rats "presents individual features of rheumatoid arthritis, erythema nodosum, rheumatic fever, Reiter's syndrome, and sarcoidosis, but cannot be regarded as an acceptable experimental model of any of these human diseases because it is distinct in respect of each of them in the constellation of findings".
Very little is known about the haematological manifestations of FA disease in the rat, and the purpose of the present study was to investigate the peripheral blood and bone marrow changes after repeated FA injections.
Material and Methods 3 month-old Wistar rats were used. They were kept in roomy cages in groups of six to ten, and purina laboratory chow and water were given ad libitum.
Freund's adjuvant FA containing 3 mg. dried, heatkilled Mycobacterium phlei in 0<1 ml. (?) paraffin oil was injected intracutaneously into the right hind footpad of 58 experimental animals. Forty control animals of the same age and similar weight did not receive FA. Three experimental groups received FA once (19 rats), twice (18 rats), or three times (21 rats). After the first injection of 0 1 ml. FA daily observations were made of the inflammatory changes which appeared in the joints of the other legs (usually after 18 to 28 days). The second injection of 0 05 ml. FA was given when the visible polyarthritic changes induced by the first dose of FA had subsided, and observations were made when the second attack of arthritis appeared (usually after 33 to 44 days). The third injection of 0 05 ml. FA was given during a second remission of joint symptoms, and, observations were made during the third attack of inflammatory joint changes, usually 54 to 64 days after the first FA injection. The animals were then anaesthetized by ether and killed by exsanguination.
Standard methods were used for the serial haematological examinations (Dacie, 1958) .
Haemoglobin was determined as cyanmethaemoglobin. Haematocrit values of heparinized blood were determined according to the method of McGovern, Jones, and Steinberg (1955) , using an International Micro-Capillary centrifuge, Model MB, and an International Micro-Capillary Reader, Model CR. Bone marrow was obtained from the femur. The smears of the cells suspended in serum were stained with MayGriinwald-Giemsa. The percentage of nucleated cells was calculated after counting 1,000 cells.
Results
After the first injection of FA, the haemoglobin concentration fell significantly as compared with the control group, (Fig. 1, overleaf) injection. The frequency of significant anaemia in the three experimental groups is shown in Fig. 2 rats of the control group showed a significantly higher haemoglobin level. Fig. 3 shows that a significant drop in mean haematocrit was observed in all three experimental groups of rats, and that this was more pronounced after repeated injections of FA. Table I shows that much lower haematocrit values were found in the animals with low haemoglobin levels.
Further studies were carried out in the third group of rats with the most pronounced frequency and degree of anaemia. Fig. 4 shows that the erythrocyte count decreased markedly in the animals with low haemoglobin levels. Table II shows that, after repeated injections of FA, the anaemia became macrocytic and hypochromic. A significant increase in mean corpuscular volume (MCV) or erythrocytes and a decrease in mean corpuscular haemoglobin concentration (MCHC) was found in the whole experimental group. Macrocytosis was more pronounced in the animals with low haemoglobin levels and low MCHC.
The changes in the reticulocyte count are illustrated in Fig. 5 The behaviour of leucocytes in the peripheral blood is shown in Table IV Discussion Pronounced anaemia and increased leucocytosis are found in rats with adjuvant-induced polyarthritis. The anaemia is hypochromic and macrocytic and is accompanied by rather high reticulocytosis. Leucocytosis is due mainly to an increase in polymorphonuclear granulocytes, but the absolute number of lymphocytes is also augmented, in contrast to the lymphopenia observed in mice in the early stages of adjuvant-induced disease (Morton and Siegel, 1966) . The thrombocyte counts do not differ from those in the controls. This blood picture partly resembles the human anaemia of chronic inflammatory states (Cartwright, 1966) particularly the severe anaemia observed in some cases of rheumatoid arthritis (Mikolajew, Plachecka, Piotrowska, Galajowa, and Kopec, 1966) . Lukens, Cartwright, and Wintrobe (1967) have demonstrated that moderate anaemia observed after a single injection of FA is hypochromic and microcytic, and is accompanied by sideropenia and lowering of serum iron-binding capacity. Hypochromia is known to be characteristic for the human anaemia of inflammatory states, but normocytosis and even a tendency to microcytosis are sometimes seen (Partridge and Duthie, 1963; Mikolajew andothers, 1966) . The pronounced degree of macrocytosis observed in our rats is uncommon in the human anaemia of inflammatory states. Macrocytic anaemia with megaloblastic marrow responsive to folic acid treatment has been observed in some cases of rheumatoid arthritis (Gough, McCarthy, Read, Mollin, and Waters, 1964) . It is possible that the gastro-intestinal changes with diarrhoea which often occur in adjuvant disease (Pearson and others, 1961 ) may lead to folic acid deficiency and macrocytosis.
"Skipping erythropoiesis" may be another explanation of this macrocytosis. This term was introduced by Borsook, Lingrel, Scaro, and Millette (1962) for the shortened process of maturation of the red cell precursors which occurs when there is an increased demand for erythrocytes. In these conditions erythroid cell precursors, e.g. polychromatic erythroblasts, may skip the mitosis stage and become reticulocytes directly, omitting the orthochromatic erythroblast stage. This phenomenon causes defective reduction in cell size and an increase in the macrocytes in the peripheral blood. Marked erythroid hyperplasia of the bone marrow, with arrest of maturation, and lack of megaloblastosis and macrocytosis in myelograms as well as a high degree of reticulocytosis in the peripheral blood, may be considered as supporting this possibility. These signs suggest that haemolysis and/or chronic blood loss may assist in the pathogenesis of anaemia after repeated injections of adjuvant. Attempts to elucidate these questions are the subject of further studies (Mikolajew, Kuratowska, Kossakowska, Plachecka, and Kopec, 1969) .
Thrombocytosis has been observed in irondeficiency anaemia (Gross, Keefer, and Newman, 1964; Shloesser, Kipp, and Wenzel, 1965) and in chronic inflammatory disease, particularly rheumatoid arthritis (Pazdur, Szpilman, and Stachurska, 1965 ), but we have not observed this symptom in adjuvant arthritis in the rat.
Summary
Changes in the peripheral blood and in the bone marrow were observed after repeated intracutaneous injection of Freund's adjuvant into the foot-pad of rats. Pronounced hypochromic and macrocytic anaemia, reticulocytosis, and increased leukocytosis were found. Bone marrow smears showed marked hyperplasia and an increased percentage of erythroblasts, the maturation of which was inhibited. The total white blood cells increased in experimental rats, but the lymphocytes: granulocyte ratio decreases. This blood picture had some features in common with human anaemia in chronic inflammatory states. Alteraciones hematologicas en la rata despues de inyecciones de adyuvante de Freund. I SUMARIO Despues de inyecciones intradermicas repetidas de adyuvante de Freund en la pata de la rata, se observaron en la sangre perif6rica una anemia hipocr6mica y macrocitica pronunciada, una reticulosis y una leucocitosis aumentada. El frotis de la medula 6sea revel6 una hiperplasia destacada y una proporci6n aumentada de eritroblastos cuya maduraci6n se vi6 inhibida. Se observ6 una aumentaci6n de la cifra total de gl6bulos blancos pero una disminuci6n de la proporci6n linfocito/ granulocito en estas ratas experimentales. Este cuadro sanguineo muestra ciertos rasgos comunes con la anemia humana que suele acompainar los estados inflamatorios cr6nicos.
